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(57) Abstract 

A process for the synthesis of a hydrocarbyl bis(dihydrocarbyl phosphate), such as a hydrocarbyl btsidiar>' phosphate), comprises 
the reaction of an unstable hydrocarbyl -containing diol, such as an aromatic group-containing diol, with a dih> Jrtvjrtnl hulophosphate. 
such as di phenyl chlorophosphate, in the presence of a Lewis acid catalyst, such as magnesium dichlondr. in the u*JJtiumj] presence of an 
effective amount (e.g., up to about 100 % by weight of diol and halophosphate ) of a liquid hydrocarbon, such a\ an aliphatic hydrocarbon, 
like heptane, or an aromatic hydrocarbon, such as toluene, to enhance the removal of hydrogen hahde h\ product ar»J ttK-rrbv increase the 
yield of hydrocarbyl bis(di hydrocarbyl phosphate). 
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PROCESS FOR THE FORMATION OF 
HYDROCARBYL BIS (HYDRO CARS YL PHOSPHATE) 

Background of the Invention 

Processes for the synthesis of a hydrocarbyl 
bis (dihydrocarbyl phosphate) by the reaction of a hydrocarbyl 
diol with a dihydrocarbyl halophosphate in the presence of a 
Lewis acid catalyst are known to the prior art* For example, 
U.S. Patent No. 3,254,973 to J.J. Giammaria et al. illustrates 
such a general reaction and employs nitrogen gas to sparge the 
reaction medium and remove hydrogen chloride as by-product. U.S. 
Patent No. 4,133,846 to J. A. Albright illustrates an analogous 
reaction but does not show the nitrogen sparge aspect. More 
recent U.S. Patent No. 4 ,343,732 to T. Zama et al. shows the 
reaction of certain diols, phosphorus oxychloride, and certain 
alcohols and phenols, in the presence of aluminum chloride as a 
catalyst, indicates (at Col. 4, lines 21-22) that inert solvents, 
such as toluene and xylene, may be used, but demonstrates no 
advantage for the use of a solvent. 

When the diol used in the aforementioned reaction is 
alkylene in character, such as neopentylglycol , the reaction 
mixture comprising the desired diphosphate compound will 
generally contain undesired cyclic by-product (s) , such as of the 
formula 

/ 0-CH 2 . 
C 6 H 5 P(0)\ / C< 

0-CH 2 

, along with triphenyl phosphate, which lower the thermal 
stability of the diphosphate-containing compositions. If the 
diol which is used contains an alkylene group in association with 
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phenyl moieties, such as in bisphenol A, the impurity will, for 
example, be isopropyl phenyl diphenyl phosphate. The unstable 
nature of such diols, in regard to the aforementioned formation 
of by-product (s) , is due to either intramolecular reaction and 
5 rearrangement, such as in the case of the branched neopentyl 

glycol reagent and/or actual splitting apart of the diol molecule 
as in the case of bisphenol A which comprises two phenyl groups 
linked together with an alkylene moiety, namely -C(CH 3 ) 2 -. The 
terminology "unstable hydrocarbyl-containing" will be used to 
10 characterize either type of such diols. 

Summary of the Invention 

The present invention is a process for the synthesis of a 
15 hydrocarbyl bis (dihydrocarbyl phosphate) , such as a hydrocarbyl 
bis (diary 1 phosphate) , which comprises the reaction of an 
unstable hydrocarbyl-containing diol, such as an alkylene* or 
alkylene bridged aromatic group-containing diol, with a 
dihydrocarbyl halophosphate, such as diphenyl chlorophosphate, in 
2 0 the presence of a Lewis acid catalyst, such as magnesium 

dichloride, in the additional presence of an effective amount 
(e.g. , up to about 100% by weight of diol and halophosphate) of a 
liquid hydrocarbon, such as an aliphatic hydrocarbon, like 
heptane, to enhance the removal of hydrogen halide by-product and 
25 thereby increase the yield of hydrocarbyl bis (dihydrocarbyl 

phosphate) while reducing the formation of undesired cyclic by- 
products . 
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Detailed Description of the Invention 

The present process is one which is intended to synthesize a 
hydrocarbyl bisphosphate of the formula 

RO O O OR 

\ w V 

POR'OP 

/ \ 
RO OR 

where R can be hydrocarbyl (such as, substituted or unsubstituted 
aryl) and R' can be either alkylene, such as derived from 
neopentyl glycol, or alkylene bridged arylene-containing, such as 
derived from bisphenol A. 

The dihydrocarbyl halophosphate reactant used in the instant 
process has the formula 

RO O 

\" 
P-X 

/ 

RO 

where R is hydrocarbyl (e.g., substituted or unsubstituted aryl) 
and X is halogen. Preferred compounds are the 

diary lchlorophosphates (e.g. , diphenylchlorophosphate) . This 
reactant is preferably present at about 2:1 (on a molar basis) to 
the following dihydroxy reaction. 

The dihydroxy reactant (HOR'OH) is used to form the bridging 
group R' in the final compounds. The reaction is run at elevated 
temperature (above about 2 0°C) but not at temperatures high 
enough to induce the formation of cyclic by-products and/ or 
trihydrocarbyl phosphate using an effective amount (e.g., about 
0.01% to about 1% by weight of the dihydrocarbylhalophosphate) of 
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a Lewis acid catalyst. Such catalysts include such transition 
metal halides as magnesium chloride, aluminum chloride, zinc 
chloride, titanium tetrachloride and the like. 

The present invention relies upon the presence of an 
5 additional amount of a liquid hydrocarbon, for example, an 

aliphatic hydrocarbon, such as heptane, or an aromatic solvent, 
such as toluene, to assist, as a "chaser", in driving off the 
hydrogen halide by-product. Generally speaking, the amount of 
solvent that is used will be up to about 100 % by weight of the 
10 weight of diol and halophosphate, preferably up to about 50 %, 
more preferably up to about 20 %. The use of this liquid 
hydrocarbon allows for a high purity product to be formed at 
lower temperatures than possible if the liquid hydrocarbon w re 
absent. The use of such lower temperature results in a less ned 
15 propensity for the formation of undesired by-products such as 
triphenyl phosphate and isopropenyl diphenyl phosphate in the 
case of bisphenol A and cyclic phosphates in the case of 
neopentyl glycol. 

The present invention is illustrated by the Examples which 
20 follow. 
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Diphenyl chlorophosphate (0.5 mole) r bisphenol A (0*25 
mole), magnesium chloride (2.63 x 10"' mole) and heptane (20 wt%) 
5 were heated to reflux (about 99°C) for six hours. The 

disappearance of the hydroxy functionality was monitored by 
infrared analysis* Liquid chromatographic analysis (area %) of 
the reaction mixture showed the following composition: 1.5% 
triphenyl phosphate; 0.49% isopropenylphenyl diphenylphosphate; 
10 1.7% bisphenol A diphenyl phosphate; 92.3% bisphenol A 

bis (diphenyl phosphate), which is referred to as "P 2 M in the 
Table in Examples 2-5, below, and 2.4% of oligomer ic bisphenol A 
bis (diphenyl phosphate) containing three phosphorus atoms. 
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EXAMPLEg 2-5 

In these Examples the effects of temperature, nitrogen 
sparge , and heptane concentration on the purity of the product 
5 described in Example 1 was determined (all amounts of product 

given in the following Table being on the basis of area percent, 
except for triphenyl phosphate, ,# TPP M , which is based on weight 
percent) : 
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EXAMPLES 6-iQ 



Neopentyl glycol bis (diphenylphosphate) was made by heating 
-to reflux 1.1 moles (295*5 grams) of diphenylchlorophosphate , 0.5 
mole (52.0 grams) of neopentyl glycol, 0.2 gram of magnesium 
chloride , and 100 ml of a non-polar solvent. Upon reaction 
completion, the solvent was recovered by vacuum stripping, and 
the reaction mixture was washed with 2% sulfuric acid aqueous 
solution, 2% sodium hydroxide aqueous solution, and water. After 
removal of traces of water the following results were obtained: 



Run 




Rxn. 


Rxn. 


Yield 


Vo< 


Solvent 


Temp. (°C1 


Time fhrs} 


m 


6 


Hexane 


70 


20 


94 


7 


Heptane 


95 


17 


92 


8 


Isoparaf f in* 


115 


11 


90 


9 


Isoparaf f in* 


130 


11 


93 


10 


Xylene 


140 


8 


95 


11 


None 


100 


17 


85 



* ISOPAR E brand from Exxon Company. 

In Run No. 9, 50 ml of this solvent was used rather than 
100 ml as in Run No. 10. 



Run No. 



— High Pressure Liquid Chromatography Analysis — 

Triphenyl Cyclic 
Bisphosphate Phosphate By-product 
'Area %1 (Wt (Area %) 



6 
7 
8 
9 
10 
11 



96.3 
93.1 
96.7 
76.3 
62.5 
88.6 



1.4 
1.3 
1.2 
15.2 
18.9 
6.2 



1.1 
2.5 
1.4 
3.0 
7.4 
2 . 2 
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EXAMPLE 12 

5 Dibromoneopentyl glycol bis (diphenylphosphate) was made by 

heating to reflux (117°C) about 1.1 moles (295*5 grams) of 
diphenylchlorophosphate, about 0.5 mole (131.0 grams) of 
dibromoneopentyl glycol, 0.2 grams of magnesium chloride, and 100 
ml of ISOPAR E isoparaffin solvent. After fifteen hours at this 

10 temperature, the solvent was removed by layer separation. The 

reaction mixture was washed as described in Examples 6-10. There 
was left 348 grams of an oil (96% yield) that assayed at 81.5 
area % of the desired product by high pressure liquid 
chromatography. The by-products were triphenylphosphate (8.2% by 

15 weight) and cyclic phosphor inane (2.6 area %) 

The foregoing Examples have been presented to illustrate 
certain preferred embodiments of the present invention and, for 
that reason, should not be construed in a limiting sense. The 
scope of protection sought is set forth in the Claims which 

20 follow. 
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We Claim: 

1. In a process for the synthesis of a hydrocarbyl 

bis (dihydrocarbyl phosphate) which comprises the reaction of an 
unstable hydrocarbyl-containing diol with a dihydrocarbyl 
halophosphate in the presence of a Lewis acid catalyst, wherein 
the improvement comprises the additional presence of an effective 
amount of a liquid hydrocarbon to enhance the removal of hydrogen 
halide by-product and decrease the reaction temperature while 
increasing the yield and purity of hydrocarbyl bis (dihydrocarbyl 
phosphate) . 

2. A process as claimed in Claim 1 wherein the hydrocarbyl 
bis (dihydrocarbyl phosphate) is a hydrocarbyl bis(diaryl 
phosphate) . 

3. A process as claimed in Claim 1 wherein the hydrocarbyl 
diol is selected from the group consisting of an alkylene group- 
containing diol and an alkylene bridged aromatic group-containing 
diol. 

4 . A process as claimed in Claim 1 wherein the hydrocarbyl 
bis (dihydrocarbyl phosphate) is a hydrocarbyl bis(diaryl 
phosphate) and the hydrocarbyl diol is an alkylene group- 
containing diol. 

5. A process as claimed in Claim 1 wherein the hydrocarbyl 
bis (dihydrocarbyl phosphate) is a hydrocarbyl bis(diaryl 
phosphate) and the hydrocarbyl diol is an alkylene bridged 
aromatic group-containing diol. 

6. A process as claimed in Claim 1 wherein the Lewis acid 
catalyst is magnesium dichloride. 
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7. A process as claimed in claim 1 wherein the hydrocarbyl 
bis (dihydrocarbyl phosphate) is a hydrocarbyl bis(diaryl 
phosphate) , the hydrocarbyl diol is selected from the group 
consisting of an alkylene group-containing diol and an alkylene 

5 bridged aromatic group-containing diol, and the Lewis acid 
catalyst is magnesium dichloride. 

8. A process as claimed in Claim 1 wherein the liquid 
hydrocarbon is an aliphatic hydrocarbon. 

10 

9. A process as claimed in Claim 1 wherein the hydrocarbyl 
bis (dihydrocarbyl phosphate) is a hydrocarbyl bis(diaryl 
phosphate) , the hydrocarbyl diol is selected from the group 
consisting of an alkylene group-containing diol and an alkylene 

15 bridged aromatic group-containing diol, the Lewis acid catalyst 
is magnesium dichloride, and the liquid hydrocarbon is an 
aliphatic hydrocarbon. 

10. A process as claimed in Claim 1 wherein the liquid 

20 hydrocarbon is present at up to about 50 % of the weight of diol 
and halophosphate . 

11. A process as claimed in Claim 9 wherein the liquid 
hydrocarbon is present at up to about 50 % of the weight of diol 

25 and halophosphate. 

12. A process as claimed in Claim 1 wherein the hydrocarbyl 
bis (dihydrocarbyl phosphate) is a hydrocarbyl bis (diary 1 
phosphate) , the hydrocarbyl diol is selected from the group 
consisting of an alkylene group-containing diol and an alkylene 

30 bridged aromatic group-containing diol, the Lewis acid catalyst 
is magnesium dichloride, the liquid hydrocarbon is an aliphatic 
hydrocarbon, and the process is performed at a temperature of 
above about 2 0°C . 



BNSDOCID: <WO 9613506A1 I > 




INTERNATIONAL SEARCH REPORT 


International Application No. 




VCT/TJS95/13408 


A. CLASSIFICATION OF SLUJBCT MATTER 




IPC(6^ :C07F 9/12. 9/09 




US CL :558/99 




According tu Internal iont* Patent Classification . IPC) or u> both national classification &nd IPC 


D. FIELDS SEARCHED 



Minimum documenuiUon searched (classification system folio wed by classification symbols) 



U.S. 558/99 



Documentation searched other than minimum documentation to trie extent thai buch documents arc included in the fields searched 



ElecJ runic data base consulted airing che international search (name of data h&*e kml. where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO HU KK LEVANT 



Cidcgary* 



Ciution ol* dec u mem, with .ndicntio:*., where; appropriate, tvt the relevant passage* 



Relevant 10 claim No. 



US, A. 3,642,959 (NICHOLS) 15 February 1972, see column 
1, line 56, tnrough column 3, line 27, especially column 3, 
lines 3-27 



112 



| 1 further document* ore liMed in the continuation of Box. C. | j See pule/it family annex. 



Spcciftl CQICf OOC» of vihoJ dutaanuu*: 

XC of Out ftfl which I* 004 POUftidOTfti 



document Uafia'tttB Ui« general m 
to bo ol paittuuhu f deviates 

earlier document puuttnhcd o.i < 



i aAcr th*t ink rnaliotud filing dole 



dweumaui which in*y th.-vw .kmuu* on pnoiity cta»a(0 or wbka U 
citad lei e«4auliafc the puhlic4U<*a daft* of ar*Hher CitalKM* or ftthc* 
•pcoMl rMkoa <aj kpcctTtckJ) 

document referring to ua omI dteclocuis. mc. esiiibruan or otuei 
il nt- 1— fin pubtiefaaU ptior «u U^s uit* roalMMttl Aiaig dace but later ib«a 



l*u*r linowmcni publiatvad trier Oxc w.lmtmumk^I liUtc dale •« prioory 
dale «jod no; ia ennrhctwrtfc lh« appUoatMu but wMi tn wr dintod Iha 
principle or theory uadartvnc the wenuoa 

dOk-wswAi of psmcwtor relevance; ih« ciiawod ta*«i 
tombumi »cr*el or caAaot he LomiiUnd u* involve. • 
whea the doctsnenl is taken tkwf 



tlonmrai of particular raicvanca; the cl 
cumtdcrad 4a iavorvc an iavoaijvc Hap whan the d< 
uuoaSioaci with acta or wore other such diw-iwnenfi. eucb ci 
bcata ©tovioue «a * paracm thilled in th* arc 



<tocttmea« aictifaar of ftha a 



i aairm fmaify 



Date ot the actual completion of the international search 
29 JANUARY 1996 


Date cf mailing of the intcrnationuJ search report 

01 FEB 1996 


Name and nutting cddrc*s of the ISA/LS 
ConuniMMtuaf of Patent* and Trademark* 
Box PCT 

Wasaiogton. O.C. 20231 
Facsimile No. (703) 305-3230 


Auth " r, " do ' n " r ^ZTV^K^r- 

MICHAEL C. AMBROSE ' \ \ T\ 
Tclepnonc No. f703) 308-1235 



Form PCT/1SA/210 (iccono *heet}<July t992)» 



BNSDOCin- <WO 9613S08A1 t > 



